Amplification of acoustic phonons due to an external temperature gredient (∇T ) in Graphene was studied theoretically. The threshold temperature gradient (∇T ) g 0 at which absorption switches over to amplification in Graphene was evaluated at various frequencies (ω q ) and temperatures (T ). 
and other low dimensional materials such as superlattices [4, 5, 6, 7] , carbon nanotubes (CNT) [8] and cylindrical quantum wires (CQW) [9] has attracted lots of attention recently. For Graphene, Nunes and Fonseca [3] studied amplification of acoustic phonons and determined the drift velocity V D at which amplification occurs but Dompreh et. al. [11] further showed that even at V D = 0, absorption of acoustic phonons can occur. Acoustoelectric Effect (AE) involves the transfer of momentum from phonons to conducting charge carriers which leads to the generation of d.c. current in the sample. This has been studied both theoretically [10, 11] and experimentally [12] in Graphene.
The interaction between electrons and phonons in the presence of an external temperature gradient (∇T ) can lead to thermoelectric effect [13, 14, 15, 16] and thermoelectric amplification of phonons. Thermoelectric amplification of phonons has been studied in bulk [17, 18] and low dimensional materials such as cylindrical quantum wire (CQW) [19] and superlattices [20, 21] .
This phenomena was predicted by Gulyeav and Ephstein (1967) [17] but was thoroughly developed by Sharma and Singh (1974) [22] from a hydrodynamic approach ql << 1 (q is the acoustic wave number, l is the electron mean free path). Ephstein further explained this effect for sound in the opposite limiting case, ql >> 1 and showed that amplification is also possible in an electrically open-circuited sample (i.e., in the absence of an electric current) [23] .
In n − InSb, Epstein calculated a threshold gradient of ≈ In all these materials, the threshold temperature gradient for the amplification was found to depend on the scattering mechanism and sound frequency where the relaxation time is independent of energy [20] .
Graphene differs significantly from the other low-dimensional materials. It has the highest value for thermal conductivity at room temperature (≈ 3000−5000W/mK) [16, 21] . This extremely high thermal conductivity opens up a variety of applications. The most interesting property of Graphene is its
at the Fermi level with low-energy excitation. At low temperatures, the conductivity in Graphene is restricted by scattering of impurities but in the absence of extrinsic scattering sources, phonons constitute an intrinsic source of scattering of electrons to produce measureable temperature difference (∇T ).
Acoustic phonon scattering induced by low energy phonons gives quantitatively small contribution of (∇T ) in Graphene even at room temperature. This is due to the high Fermi temperature of Graphene [25] . To-date, there is no study of thermoelectric amplification of acoustic phonons in Graphene.
In this paper, the effect is theoretically studied in Graphene with degenerate energy dispersion. Here the threshold temperature gradient (∇T ) g 0 above which amplification occur is calculated in the regime ql >> 1. Furthermore the frequency at which the graphs converges are calculated. The paper is organised as follows: In the theory section, the equation underlying the thermoelectric amplification of acoustic phonon in Graphene is presented. In the numerical analysis section, the final equation is analysed and presented in a graphical form. Lastly, the conclusion is presented in section 4.
Theory
The kinetic equation for the acoustic phonon population N q (t) in the Graphene sheet is given by
where g s = g v = 2 account the for spin and valley degeneracy respectively, N q (t) represent the number of phonons with a wave vector q at time t. The factor N q + 1 accounts for the presence of N q phonons in the system when the additional phonon is emitted. The f k (1 − f k ) represent the probability that the initial k state is occupied and the final electron state k is empty whilst the factor N q f k (1 − f k ) is that of the boson and fermions statistics.
In Eqn (1), the summation over k and k can be transformed into integrals by the prescription
where A is the area of the sample, and assuming that N q (t) >> 1 yields
where
. Λ is the constant of deformation potential, ρ is the density of the Graphene sheet. f (k) is the distribution function, V s is the velocity of sound, and A is the area of the Graphene sheet. Here the acoustic wave will be considered as phonons of frequency (ω q ) in the short-wave region ql >> 1 (q is the acoustic wave number, l is the electron mean free path).
From Eqn.(3), the linear approximation of the distribution function f (k) is given as
At low temperature k B T << 1, the Fermi-Dirac equilibrium distribution function become
From Eqn. (4), f 1 (k) is derived from the Boltzmann transport equation as
Here v(k) = δε(k)/hδk is the electron velocity, ξ is the chemical potential τ is the relaxation time and ∇T is the temperature difference. Inserting Eqn.(4), Eqn. (5) and Eqn. (6) into Eqn.(3) and expressing further gives
Using standard integrals in Eqn (7) and after a cumbersome calculation yields the final equation as
The threshold temperature difference (∇T ) g 0 is calculated. This is achieved by letting Γ = 0 as a consequence of the laws of conservation which yields
Numerical Analysis
To understand the complex expression for the absorption, Eqn (8) 
